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[. Introduction
A. What is MCnest?

The Markov chain nest productivity model, or MCnést set of algorithms for integrating the
results of avian toxicity tests with reproductivfe4history data to project the relative magnitude
of chemical effects on avian reproduction (Beneetl. 2005, Bennett and Etterson 2007,
Etterson & Bennett 2013). MCnest was designedogtichized in MATLAB
(www.mathworks.cor)y but most users will run a compiled version asaamdalone program that
does not require the user to have MATLAB softwaf@e mathematical foundation of MCnest
is in the analysis of Markov chains, which proviéeffexible template for modeling the variation
in avian breeding cycles among species.

B. What has changed from previous MCnest releases?

There are two versions of MCnest available, MCré&dd (Basic MCnest) and MCnest v2.0
(TIM/MCnest). Both versions are available for ddead at:https://www.epa.gov/chemical-
research/markov-chain-nest-productivity-mod®kersion 2.0 extends the basic version to enable
the use of exposure profiles generated using theJteal Investigation Model (TIM, USEPA
2015). MCnest now accounts for background mortaditgreeding females as well as the
potential for adult mortality due to pesticide egpre. However, the MCnest breeding season
algorithms themselves have not changed betweer B&Snhest (Bennett & Etterson 2013b-d)
and this version, and simulations run in Basic M&man be replicated in TIM/MCnest.

C. How to use this Manual

This manual is organized into four major sectioBgction | gives some basic background on
MCnest and the justification for its developmeS8ection Il is a quick start guide to running
simulations in MCnest that walks users through shexamples. Section Il describes the
MCnest outputs and their interpretation. SectMisla complete list of user inputs that can be
modified in MCnest. Parameterization of the TIM rabdvhich can now be invoked by MCnest,
is described in thaser’s guide to TIM

D. What does MCnest do?

The purpose of MCnest is to quantitatively estimhgerelative change in the number of
successfully fledged broods per female per yeav@n species exposed to a specific pesticide
application scenario. The relative change in timalmer of successful broods is estimated by
comparing model results based on a defined pestapglication scenario with a no-pesticide
scenario. To express the results in terms of dmepeoductive success, the model estimate of
the number of successfully fledged broods per fensaiultiplied by the expected number of
fledglings per successful nest, which is taken ftbeliterature.

Each model simulation follows the breeding actestof a population of females each day
throughout a breeding season. The breeding acts/described by a series of phases through
which the female transitions (i.e., pair formatiegg laying, incubation, nestling rearing, and
waiting periods prior to starting a new nest attdmphe temporal pattern of breeding activity

of each female varies due to differences in thigaiton date of the first nest attempt and due to a
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specific probability each day that the nest atteogpid fail from ecological causes such as
predation or adverse weather. When a nest attiigpteach female can make a new attempt if
there is time remaining in the breeding seasonfanchany species, females make a new
attempt after completing a successful brood. dfgimulation incorporates one or more pesticide
applications, the pesticide exposure may repremeadditional cause of nest failure depending
on the types of pesticide effects observed in &@ststhe timing of the application relative to the
phase of the nesting attempt for each female. Véheest attempt fails due to pesticide
exposure, each female may make a new attemptrd theime remaining in the breeding season
and pesticide residues decline to levels that waootdaffect parental well-being. As MCnest
follows each female of the population through theeling season, it tabulates the number of
nest attempts and successful broods (i.e., bragas/sg to fledging) per female in the
population.

As in the previous version of MCnest (Bennett &letbn, 2013), our goal has been to limit the
number of model inputs so that the model is appleeto as many species as possible. We have
also focused on using model inputs that are readidylable from published literature and from
toxicity data submitted as part of the current ipad registration process under the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA)JCnest is designed to accommodate the
structure of quantitative dose-response data fieproduction tests if it becomes available.

E. Why is MCnest needed?

Prior to the adoption of Basic MCnest (Bennett &Edon 2013) the pesticide registration
process used deterministic risk quotients (RQhagptimary metric for assessing the potential
risks of pesticide exposure to avian reproductidrhile RQs can be used to classify the
potential risk, they do not quantify the magnitwdeisk nor provide information on differences
in risk among species or pesticide application ades. MCnest offers an approach for more
guantitatively estimating the magnitude of aviaprogluctive effects when the ultimate goal is to
probabilistically describe the risk of reproducteféects or to estimate the magnitude of effects
to a population.

In population modeling, we need to know how a pédi application scenario affects the annual
reproductive success of exposed birds compareddteraario without pesticides. Annual
reproductive success, also known as the fecunaligy rs here defined as the number of
fledglings produced per female in the populatioaraan entire breeding season. It represents
the cumulative production of fledglings during &éxling season, including re-nesting attempts
after nest failures and multiple successful nestittgmpts. In MCnest, fecundity can be
estimated as the average number of successfullgdttbroods per female per season times the
average number of fledglings per successful brood.

F. What information is needed to use MCnest?

The basic version of MCnest requires data fromratoaicity tests, avian species life-history
profiles, and a pesticide-use scenario that detimesiming and temporal pattern of exposures.
The most common sources of toxicity data are thelt® from three standard avian toxicity tests:
1) the acute oral LD50 test (USEPA 2012a), 2) tletady LC50 test (USEPA 2012b), and 3) the
avian reproduction test (USEPA 2012c). When ab&laadditional toxicity data from
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alternative sources or from alternative interpretet of standard toxicity tests may be useful.
The selection and use of toxicity data in the masldiscussed in the MCnest Technical Manual
(Etterson & Bennett 2017).

In the basic version of MCnest, model simulatioresran on avian species of interest (i.e., life-
history profiles developed for specific specie8)series of life-history parameters is required

for each species of interest. The user can sefexbf the species for which a suite of default
life-history parameters has been developed, ceeatav species, or modify the profiles of
existing candidate species by directly inputting libt of life-history parameters. The use of
default species profiles and the creation of newodified species profiles are discussed later in
the manual.

Finally, MCnest requires that the user define dipeg-use scenario by parameterizing an
exposure model. With this release, MCnest offesdptions for parameterizing exposure, the
Terrestrial Residue Exposure Model (T-Rex, USEPAZ22{) and the Terrestrial Investigation
Model (TIM, USEPA 2015). The first option is iderdl to that of Basic MCnest and requires, at
a minimum, specifying the date(s) of applicatidre application rate(s), and the half-life of
residue degradation on foods relevant to the spedimterest. The user also has four options
for how the application rate is converted to thgested daily dose on the day of each
application, which are explained later in Sectigrd. The second option, TIM, requires more
information on physical chemical properties and tesults beyond the three standard avian tests
mentioned above. Parameterization of TIM is desctiim the TIM user's manual and that
information is not repeated here. User’s wishingrploy the TIM option will need to cross
reference with th&ser’s Guide for TIM(USEPA 2015).

Il. Quick start guide
A. Installation of MCnest

Probably the most efficient way to understand MCret begin using the model with default
life-history data. To begin using the programaat the MCnest files from “MCnest2.0.zip” to
an appropriate directory on your computer. MCn@st# should contain six files, all of which
must be in the same directory (Table 2.1).

Table 2.1. Files included in the MCnest v 2.0 re¢ee@MCnest2.0.zip")

File name Function

MCnest.exe Main MCnest executable. Run this filsteot MCnest
TIM.MCnest.Species.Library.xlsxDraft species profiles for use in MCnest
CallTim.bat batch file for implementing TIM from Nlab
StopTim.bat batch file for interrupting TIM from Kab
TIM3.0_Beta_3-18-15b.exe Main TIM executable

readme.txt Matlab compiler information

If this is your first time using MCnest, you wileed to install the MATLAB compiler runtime
library (MCR). It can be downloaded from Mathwoiks
http://www.mathworks.com/products/compiler/mby selecting the Windows 64-bit R2016b
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version. Installation of the MCR requires admirastr privileges. To install, double-click
“MCR_R2016b_win64 installer.exe” or select “Run..ridabrowse to the MCR file.

Installation may take several minutes due to thg la@ge file size. Once the MCR s installed,
you may run “MCnest.exe” file without administragmivileges. Be patient; it can take up to 60
seconds to open!

B. Sample Data Files

With this release of MCnest we are including 14 glendata files on seven insecticides (Table
2.2). Each insecticide has two files, one for thedity test results and one for TIM parameters.
These files should be extracted from the zip big, can be placed anywhere on your computer.
For ease of access it is recommended to put thensubfolder of the directory containing the
MCnest executable.

Table 2.2. Sample data files included with MCne8t 2

Insecticide Class Mode of Action

carbaryl carbamate AChE inhibition

chlorpyrifos organophosphateAChE inhibition

indoxacarb oxadiazine Voltage-dependent sodium channel blocker
-cyhalothrin pyrethroid Sodium channel modulator

malathion organophosphateAChE inhibition

methomyl carbamate AChE inhibition

permethrin pyrethroid Sodium channel modulator

C. MChnest startup window

Once the MATLAB compiler runtime library is instatl, MCnest is called by double-clicking
the executable file (MCnest2.0.exe). Doing sodsinp the main MCnest screen (Figure 2.1).
MCnest opens ready to run a control simulation,(ne pesticide exposure or effects).

Number of birds: This parameter defines the simulation sample (siaember of breeding
females). The associatétbck sizeparameter defines the level of replication assediavith the
output metrics (number of successful broods or remob offspring fledged). For example, the
default values of 10,000 birds with a flock sizeé286fresults in 400 replicate estimates of the
output metrics.

Species: The Species block contains a dropdownumkspecies names for which life-history
profiles have been pre-coded for use in MCnesie défault is the first species in the list,
Canada goose. Specific details about the lifeahysdf species in the library, and functions to
edit life-history parameters to create new speaiefound on the Life History page, which can
be accessed under the main MCnest menu. Mordgdabaiut editing and creating life-histories
are given in Section Ill.
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Figure 2.1. Main MCnest window.

4] MCnest Version 2.0
MCnest Toxicology  Clear
Run Status
Ready

Exposure Algorithm:
Stop!

Run
CONTROL -

Simulation iterations

Mumber of birds: 10000 Flock size: 25
Output table
Species
Species: Canada goose (giant) -
Output
@ Broods/Female Fledglings/Female
Season (edit on Life History page)
Date of first egg of first nest
Month: | March Day: |20
Date of first egg of last nest
Wonth: | April Day: |20

About MCnest

This is MCnest v2.0.
It was compiled on 21-Jul-2017.

MCnest working directory:

WMEPAWCnestiTIM_MCnestiMCnestCode\GUI

=5 ECR =53

D. Running a simulation with no pesticide exposui@ a selected species

Once the program is loaded, verify thlatmber of birds edit box and th&lock sizeare set to
10,000 and 25, respectively and tBaposure Algorithm is set to CONTROL. Undeépecies

click American robin. Then clicRun in the upper left corner. While the simulatiomusining,
theRun Statusbox in the upper right of the main MCnest windovil itially display the
message “Simulation running, please wditwhile the Markov chain transition matrix is
constructed. Once the simulation begins to rumRilm Statusbox will display the updating
message “Iteration X of Y,” where X is the recer@bmpleted iteration and Y is the total

number of iterations (breeding females). Whensihmulation finishes, the window will revert to

a run time message (Figure 2.2).
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Figure 2.2. Sample output from a simulation witl® 48plicates of 25 breeding American robins.

4] MCnest Version 2.0 EI

MCnest Toxicology  Clear
Run Status

Run time: 0 m 19 s.
Exposure Algorithm:
Run Stop!
CONTROL -

MCnest working directory:
Simulation iterations
WATEPAW CnestiTIM_MCnestiMCnestCode\GUI

Mumber of birds: 10000 Flock size: 25
Output table
Species SPECES BROODS BL9S BU9S APPS  APP1 RATE1 crop  pesticide Exposure Mortality
Species: American robin v \American robin 185 1R oo 0nla nia unset  unset CONTROL 0
Output
@ Broods/Female Fledglings/Female
Season (edit on Life History page)
Date of first egg of first nest
Month: | April Day: |12
Date of first egg of last nest
Wonth: | Juky Day: |22
About MCnest
This is MCnest v2.0.
It was compiled on 21-Jul-2017.

The default tabular output to a MCnest simulatioreg the species name, the expected number
of successful broods per female (BROODS), the uppdrower 9% percentile confidence
intervals for BROODS (based on the 400 replicat@s), the number of pesticide applications
simulated (APPS), which is 0 in this case. As nsineulations are run, new output is appended
to this table.

Note that the numerical results on your screen difégr slightly from Figure 2.2 because of
variation in the actual sequences of random numitéized by the program. MCnest does give
you the ability to set the random seed so that lsinoms may be replicated exactly. These
functions are covered in detail below in Section IV

E. Running a simulation with a pesticide exposure

MCnest is designed to simulate the effects of pielgtiapplications on the reproductive output of
breeding birds. There are many options in MCnashéw this is done, but all involve
essentially a two-step procedure. Test results beisintered into the model for computing the
surrogate endpoints (Bennett and Etterson 2013parekposure model must be parameterized.

10
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MChnest offers two choices for exposure models, TRRBSEPA 2012d) and TIM (USEPA

2015).

1. TEST RESULTS
With the MCnest main screen still displaying the é&rman robin simulation, choo3est
Resultsunder the maiffoxicology menu. After a short delay, tAest Resultswindow should
appear (Figure 2.3)

Figure 2.3. Th&est Resultswindow in MCnest.

4| MCnest Version 2.0: Test Results

‘ Done ‘

Number of eggs laid: | =

% viable eggs of eggs set: | =

% live 3-wk embryos of viable eggs: |

% hatchlings of live 3-wk embyros: |

% hatchlings of eggs set: |-

% 14-d chicks of hatchlings: |=

Clear form Load data Save data
Avian Reproduction Test
Avian reproduction test source (MRID):
Test gpecies:
Treatment group data:
Treatment levels: 1 2
Meazured concentration (mg/kg diet): NaM NaM
Average food consumption (g/birdiday): NaN NaN
Average initial female body weight (g): NaN NaM
Average initial male body weight (g): NaN VEL
Ayerage final female body weight (g): MNah MaN
Awverage final male body weight (g): NaN NaN
Z=timated average daily Nah Nal
dose (mg/kg bwtiday): | S
Test NOAELs
Endpoint
NOAEL

Half-life on dietary tems:

NaN

MaN

NaN

NaN

Mah

NaN

35

NaN

MaN

NaN

MaN

Mah

NaN

% 14-d chicks of eggs set: |-

shell thickness:

hatch weight: |-

14-d chick wt: |-

prelaying female weight:

prelaying male weight:

days

5

NaN

MaN

NaN

NaN

Mah

NaN

NaN
Endpoint
NOAEL

= b4

= -

Pesticide: unset

Avian LDS0 Test (adults):

Mineau scaling factor: 1.15 Body weight: Nah
LD50 (mg'kg bwt): NaMN Scaled NaM
LO50 test source (MRID):
Test species:
Avian LC50 Test (juveniles):
LCS0: | NaM Fraction of
LC50 as

Fraction of LC5S0 (i.e., 0.1 or NaM e

Mean body weight (g): NaN

SE

(mglkg bwt):

NaM

Mean food ingestion rate (g/d): NaN
LCS0 source (MRID):

Test species:

MCnest Toxicity Thresholds (mo/kgid):
Alternative behavioral threshold: | 9999 110
Adult prelaying body weight:
Eggs laid per hen:
WMean eggshell thickness per pen:
Viable egge =et per pen:
Hatchlings per viable egg per pen:
14-d chicks per hatchling per pen:

Fraction of juvenile 5-d LC50

A full description of thelest Resultscontrols is given in Section IV. For now, chodise Load
Data option at the top left and navigate to thddolin which you stored the sample data files.
Select the data file for Lambda Cyhalothrin (“LarayhalothrinTestResults.mat”) and click
Open. The controls on the TestResults page should nowlike Figure 2.4, below. Some

11




User’'s Manual for MCnest v2.0 — September 2017

additional context for understanding the contraidleTestResultspage is presented
immediately below Fig. 2.4. To continue with theamples, skip t@. EXPOSURE M ODEL.

Figure 2.4.TestResultswindow with data parameterized foiCyhalothrin

Average final female body weight (g): 1135 113 NaN NaN NaN Mean food ingestion rate (g/d): 1496 101195

Average final male body weight (g): | 1249 1251 NaN NaN NaN LC50 source (MRID) R2048970 pdf
Estimated average daily dose | .. 00 Nah Nah Nah Test species Northem Bobwhite
(kg buiidayy: | 0-94334 10.0792 Nal NaN \aN P

TestNOAELs
MCnest Toxicity Thresholds (mg/kg/d
Endpoint Endpoint ty (molkg/dy

NOAEL NOAEL
% 14-d chicks of eggs set: =

Alternative behavioral threshold 9999 110LD50: | 3381.2759

Number of eggs laid: 1
umber of eggs lai Adutt prefaying body weight | 100792

% viable eggs of eggs set: 2 bd shell thickness: 2 v -
Eggs laid per hen: 094334

% live 3-wk embryos of viable eggs: |2 hatch weight: >

Mean eggshell thickness per pen: | 10,0792

% hatchlings of live 3-wk embyros: 2 14-d chickwt. =

Viable eggs set per pen: 10.0792

o - [s relaying female weight: |2 b
% hatchlings of eggs set: prelaying g Hatchlings per viable egg per pen: | 10.0792

% 14-d chicks of hatchlings: |2 B prelaying male weight: |2 v —
14-d chicks per hatchling per pen: 10.0792

Fraction of juvenile 5-d LC50 | 1011.95

On theTestResultswindow, results pertaining to the Acute Oral Tatyid est (USEPA 2012a)
and to the Dietary Toxicity Test (USEPA 2012b) en¢ered on the right-hand side and results
pertaining to the Avian Reproduction Test (USEPAZX) are entered on the left-hand side (Fig.
2.4). For the Avian Reproduction Test and the &nhef oxicity Test, results must be converted
from dietary concentrations (mg/kg — diet) to dogeg/kg - body weight), which requires
knowledge of the body weights and food consumptades of tested animals. Details on these
conversions are provided in the technical manual.

For the Avian Reproduction Test, the No Observedetse Effects Levels (NOAELS) are
entered in the bottom left panel, which has dropsdanenus for 12 NOAELSs, though only 8 are
currently used by the model. These drop-down meoagin only integers, which correspond

to the potential test levels of the Avian ReproduciTest. For each measured test endpoint, the
user should choose the integer corresponding tBl@REL for that endpoint. For Lambda-
Cyhalothrin, only 2 dietary concentrations (andtoaolj were tested, thus the highest possible
integer would be 2. If the NOAEL is unbounded thiesm symbol >’ can be chosen to indicate
this and the program will use 9999 for the valuswtogate endpoints to which this test
endpoint is connected.

For the Acute Oral Toxicity Test, scaling factouggested by Mineau et al. (1996) can be used
to rescale the LD50 from the tested species (tYigiddorthern Bobwhite or Mallard) to the body

12
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weight of the modeled species. This is done uamgllometric equation with an empirically
determined exponential parameter. Mineau et 8P} published values for many insecticides,
primarily organophosphates and carbamates, ancesteghan overall mean exponential
parameter among insecticides of 1.15, which igd#fault value used by MCnest. A value of 1
will result in no rescaling.

For the Dietary Toxicity Test, a choice for thechian of the LC50 must be made to determine
the surrogate endpoint corresponding to this meadsemdpoint. The default is 0.5. The choice
of fraction to use is up to the user and discussidhe choice of appropriate value can be found
in Bennett et al. (2005) and Bennett & Ettersoril@fd).

The toxicity data entered into tA@stResultspanels are used to calculate the surrogate
endpoints (Fig. 2.4, bottom right panel), which esenpared to time-weighted averages of dose
equivalents on a daily basis to determine whetlgven nest attempt fails or succeeds. Much
more detail on calculation of surrogate endpoints$ the time-weighted averages to which they
are compared are provided by Bennett & Ettersor82@ld.

2. EXPOSURE MODEL

The examples below parameterize the two exposudel®ndT-REX and TIM) under the same
scenario for comparison.

First, under th@ oxicology menu choos&xposureand thenTREX. Once the T-REX page
opens, sePesticide applicationsto 4 and the first application to occur on 20 Maith
subsequent applications separated by 7 days. ¥isell all application rates to 0.03 lbs Al/acre,
so that the T-REX page looks like Fig. 2.5, belMCnest uses algorithms from T-REX
(USEPA 2012d) to translate the application raté3@ounds Al/acre) into doses (expressed as
mg/kg body wt./day) for both adult and juvenilexkihg into account the species’ typical diet.
This produces the values for “Adult Initial Dosd”%3 mg Al/kg body weight) and “Juvenile
Initial Dose” (2.28 mg Al/kg bodyweight) that appeéa the two associated boxes. These initial
doses will be realized on the application date (M@yand will decay geometrically with a
residue half-life of 35 days. Click “Done” to cshis window and return to the main MCnest
window and set thExposure Algorithm to T-REX, then clickRun. When finished, the main
window should resemble Figure 2.6 (though agasylte may differ slightly due to stochastic
variation).

13
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Figure 2.5. T-REX window parameterized feCyhalothrin

Figure 2.6. The main MCnest window after runninglamerican robin simulation with exposure
to -Cyhalothrin.

14
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Next, choosd oxicology > Exposure>TIM to bring up thelIM window. On the TIM

window, choose File > Load TIM Parameters and reteigo the folder where the sample data
are located. Choose the fllambdaCyhalothrinTIMParameters.mat and the TIM window
should look like Figure 2.7. Click Close. This wihuse an error message to display (Fig. 2.8).
The error message is displayed to warn you thatwwe loaded a mismatched data set. The
parameter set that you have just loaded was createCanada Goose as the species. To run
the American Robin simulation, you will need tcstiset the species to Canada Goose (giant)
and then load the TIM parameters. Once loadedcgowclose the TIM window and switch
species back to American Robifhis bug will be fixed in a future version. 15 S@x7.

Figure 2.7. Th@IM window parameterized for Lambda-Cyhalothrin.

Figure 2.8. Warning dialog concerning mismatchestsgs on parameter import for TIM

Once you have gone through this process and ctbgetiM window without an error, change
Exposure Algorithm on the main MCnest window to Téd click Run. This will call up a TIM
window, that will immediately minimize. While TIMsirunning you can watch the TIM spool by
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clicking on the minimized TIM icon (Fig. 2.9). WEIITIM is running, MCnest is paused, waiting
for the TIM exposure output. When TIM finishesg thiM window will close automatically and
MCnest will start running, conditional on the TIMtput. Finally, once the MCnest simulation is
complete, the main MCnest window should resembjeriei 2.10.

Figure 2.9. The TIM spool for an American Robin slation with -Cyhalothrin
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Figure 2.10. Main MCnest window displaying theulesof three simulations

A quick glance at the Output table suggests thattbdel predicts an approximately 60%
reduction in the expected number of broods per kenhae to pesticide exposure compared to

the expected number in the absence of pesticigetsefivhen T-REX is used as the exposure
algorithm. The expected reduction is a bit higlegi%) when TIM is used for exposure, due in
part to the incorporation of other exposure patlsuayl'IM (inhalation, dermal contact, drinking
water) compared to T-REX, which models only dietexposure. However, percent reduction
comparisons may be insufficient for understandiogeptial risks of a pesticide application. For
this, MCnest offers many kinds of output that daoeexd and accessed in several ways. These are
covered in detail in the next Section Il (MCneatmuts).

This is the end of the Quick Start Guide. Condaditons! You now know how to run
elementary simulations in MCnest. However, we neo@nd you continue through the next
section to see how to extract more information fid@nest simulations. The above three
simulations will be used as examples throughouti@®tll to demonstrate the diagnostic and
output features of MCnest.

[ll. MCnest outputs
A. Using the table

The Output table on the main MCnest screen prowadasapshot of the overall results for each
simulation as well as functional access to moraitkt information about MCnest results.
Because each MCnest simulation is separate, M@oestnot automatically calculate the
percent reduction in seasonal productivity due pesticide exposure relative to a no-pesticide
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scenario. However, the contents of the Outputtabh be copied into a spreadsheet, such as
Excel, to calculate comparisons among simulati@isgithe standard windows commands (Ctrl-
C and Ctrl-V).

Additional output functions can be accessed bycselg any cell in the desired output row and
then right-clicking the mouse within the outlinegbults block. Most of the output is accessed
under theDutput submenu; the remaining menu items are for soriaging or deleting the
output table. The examples below make use of tleethimulations run above in Section I
(Quick Start Guide). Throughout this section ordelautputs it is assumed that you have three
similar results available.

B. The Output menu

After selecting the first row, right-click and p&the cursor o@utput in the results menu to get
access to a sub-menu with 4 choices (Fig. 3.1).\WRREX is run, this menu has 5 choices,
with the new third menu option beitxposure serieswhereas when TIM is run, the new third
menu option iFIM (which has, in turn five sub-choices). Below, eaabmenu choice is
described in turn, with the exception of the TIMpmut options, which are described in thé1
User’s Guide
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Figure 3.1. Thé®©utput submenu of the context menu for a. Control sinntath. a simulation
run using T-REX, and c. a simulation run using TIM.

1. PHASE DIAGRAM

Clicking Phase diagramunder the Output menu brings up an area ploteptbportion of
females (vertical axis) in different developmerstiziges (colors) as the breeding season
progresses (horizontal axis) (Figure 3.2).
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Figure 3.2. Phase diagram for American robin witpesticide exposure.
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The phase diagram is the primary diagnostic tooufaerstanding how the simulated chemical
exposure was translated by the model into projepobductive effects. Because there is no
chemical exposure in the example simulation, theeeno corresponding diagnostic effects in

the phase diagram. Nevertheless the diagram faldsetracing the general progress of females
unexposed to pesticides through various breediaggsover the course of the simulated season.
Table 3 provides a more detailed explanation opteses in the phase diagram. Each of the
phases is defined in greater detail in the techsigaport document.

Notice that three phases in Table 3.1 do not oicctire phase diagram pertaining to the first
simulation above (Fig. 3.2). These are the doomeuabation period (Id: greenish blue), the
waiting period after pesticide-induced failure (Vgpeen), and the phase corresponding to killed
by pesticide (Dp: yellow). These three statesadg be entered into after exposure to a
pesticide exceeding the corresponding thresholavaver, highlighting the second row in the
Output table and opening the phase diagram willipce a figure (Fig. 3.3) that shows a portion
of females in the waiting period after pesticidduned failure (Wp).
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Table 3.1. Nest development phases in MCnest
Phase Legend Legend color
abbreviation (approx.)

Pair Formation PF
Rapid Follicle Growth rfg
Overlap of Rapid Follicle Growth and Egg Formation  rfg/ef
Egg Formation ef
Incubation |
Nestling N
Doomed Incubation Id
Waiting after pesticide-induced failure Wp
Waiting after ecological failure We
Waiting after successful fledging Wi
Quit Q
Adult female dead due to background causes De
Adult female dead due to pesticide exposure Dp

Hint: you do not need to close the phase diagram farevious simulation before generating one
for the next. Thus for example, the two phaserdiag could be open concurrently for direct
comparison.

Further guidance on the interpretation of phasgrdias can be found in Appendix A of Bennett
& Etterson 2013c.

Figure 3.3. Phase diagram for an American Robimukition with -Cyhalothrin using T-REX
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2. BROOD HISTOGRAM

This sub-menu item generates a histogram of thebeuf successful broods produced per
female in the simulation (Fig. 3.4). Itis usefiot gaining an intuitive sense for the expected
variance in female reproductive success assocvateca simulation scenario.

Figure 3.4. Sample brood histogram for default Aoaar robins with no pesticides.
1 . . . .

3. EXPOSURE SERIES

Figure 3.5 shows the simulated Seasonal Exposwoféerior the second American robin
simulation, in which the threshold (i.e., 0.94 ngjtk per the Test Results input screen; Fig. 2.4)
for number of eggs laid was exceeded immediatelgpaplication date and for the remainder of
the breeding season. Note the separate exposies & adults versus juveniles. This menu
choice is not available with control simulations (resticide). When TIM is used, this menu
choice is replaced by the standard TIM outputs kedew and USEPA 2015).

Figure 3.5. Example Seasonal Exposure Profile foeAcan robins with the application dates
and rates set as described in the pesticide exarapection Il (Quick Start Guide).

Adult Nestling |
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4. TIM

When TIM is used as the exposure algorithm BRposure serieschoice is replaced by TIM,
which has 5 submenu choices (Fig. 3.6). Theseutgsigre described in the TIM technical
document, Appendix Ahttps://www.epa.gov/pesticide-science-and-assegsesticide-
risks/models-pesticide-risk-assessment#terrektrial
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Figure 3.6. The TIM output menu

5. LOG FILE

This sub-menu choice opens a text file (using treputer’s default text editor) and prints the
main results and all of the input parameters usete simulation (Fig. 3.7). This file is virtual
(it can be regenerated at any time, but it doe®xist until generated). Therefore, if it is negde
for documentation, it should be explicitly genedaéad saved or printed.
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Figure 3.7. Sample log file for American robin siation with -Cyhalothrin exposure and
using T-REX

6. SAVE ROW

This sub-menu choice saves the simulation fronséhected row to an output file that can later
be opened in MCnest. The file is assigned a nanteéprogram corresponding to the species
name and the date and time that the simulationrwas A confirmation pop-up window is
displayed (Fig. 3.8). Files are saved into theatory specified in the “MCnest working
directory” listed above the “Output table.”

Figure 3.8. Example filename and popup window waemgle row is saved to an output file.

C. Sort table

This menu choice provides functions to sort th@ldiged Output table using any of the table
headers as sort keys (Fig. 3.9).
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Figure 3.9. Example of the “Sort” window for sadisimulations in the Output table.

D. Save table

This sub-menu choice allows the entire output tablee saved to disk. For this option you are
prompted to provide a name for the table. Youresponsible for changing the default name of
“* mat” to a unique name with a “.mat” extensioli.can later be reopened in MCnest, at which
point it would be appended to the bottom of ang#xg simulations in the Output table.

E. Delete rows

This sub-menu choice deletes the selected rowgs) the table. Multiple rows can be selected
and all selected rows will be deleted. They carteotecovered.

IV. Systematic description of MCnest controls

The descriptions below contain minimal background gustification for the design of MCnest.
For more details about the algorithms underlyingrid§t and the technical justification for
programming choices, please see the MCnest TediMaual and scientific publications.
MCnest has three basic categories of user contimp;down menus, window controls, and the
table context menus. Not all windows contain yles of controls. Most MCnest windows
include various controls that will be familiar teers of windows driven programs, including
push buttons, radio buttons, check boxes, list obext boxes, menus, and context menus. The
presentation below is organized by window, begigniith the main MCnest window.

A. MCnest window

MCnest opens to its main window upon launching medt of the controls are accessed through
this window. The main menu bar contains three @®{MCnest, Toxicology, andClear). The
MCnest window also contains several user-inputrotat
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1. USER-INPUT CONTROLS
Run: The Run button initiates a simulation.

Stop! The Stop button terminates a simulatiomenity in progress.

Simulation Iterations: This form contains two uggsut boxes labeled “Number of birds” and
“Flock size,” respectively. These two inputs detire the scale of the simulation and degree of
replication for output statistics. The default \vedware 10,000 birds with a flock size of 25,
resulting in 400 replicates of 25 birds. This regtion is what determines the width of the
confidence limits around model outputs (broodsfperale, offspring fledged per female).
Differences among outcomes for replicate femalesgsonly from stochasticity induced by the
probabilities of nest survival and female survival.

Species: The species block contains a listbox neéspecies names for which life-history
profiles have been pre-coded for use in MCnest. allditional information about the species
and their profiles, see the companion documentwarALife History Profiles for Use in the
Markov Chain Nest Productivity Model (Bennett & &ton 2013a). The default is the first
species in the list, i.e., Canada Goose. Spetsfiails about the life history of species in the
library, and functions to edit life-history paramet to create new species are found on the Life
History window, which can be accessed under thenmnest menu and is described in
Section IV.B (Life History window) below.

Note: all life-history parameters are fixed. Experntal work is under way to explore
systematic and stochastic variation in life histpayameters, which may be included in future
versions of the model.

Output: Once simulations have been run, this Ilowa the user to toggle between the number
of successful broods/female/year and the numbBeddlings/female/year in the Output table.
Results for both metrics are captured in the Lbgy fi

Season (edit on Life History page): this is simplgisplay of the breeding phenology of the
species chosen in ti8peciedistbox. It can be edited on the Life History wow, which can be
accessed under the MCnest menu.

About MCnest: status box giving the version anck adtcompilation of the model. This control
is for display only.

Run Status: status box showing the state of thesha@ progression through the simulation
when a simulation is running.

MCnest working directory: status box showing thereat working directory for MCnest. This is
the directory into which MCnest will save resultsratially look for files when you attempt to
load data (you can always navigate to another @irgc Clicking in the text box and hitting
return will bring up a browser to change the wogkdirectory.

Output table: This frame contains the outputs divildual runs of MCnest. When no previous
runs are available it is empty.
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In Figure 4.1, the Output table shows the resoitdife three simulations run in Section Il with
the first row highlighted. The first column givese species name (American robin). The
second column gives the global average (acrogk)@lflocks) of the number of successful
broods produced per female (1.84). The third andth columns give the lower and upper
confidence limit for a 95% confidence interval @4 2.2) constructed around the global
average number of successful broods per femalg tisé400 replicates of 25 birds.

Figure 4.1. Main MCnest window showing outputwbtsimulations from Section Il (Quick
Start Guide).

2. THE MCNEST MENU

Of the three drop-down menus on the main MCnestiawn the first two MCnest and
Toxicology) are the most important, giving access to virguall of the functionality of MCnest.
The MCnest menu contains 7 choices (Table 4.1).
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Table 4.1. Menu choices under the main MCnest menu.

Menu ltem Function

Load Species Library Loads a different speciesafiypinto memory for use in simulations
Life History Loads the life history window for ety species life history values
Batch Mode Allows you to set up multiple simulaaie run sequentially along

systematic changes in species identity, applicatete, and/or
application rate

Random numbers Allows you to set the random sedatlhoose among random
number generators
Load MCnest File Loads previously saved MCnestltesuto memory for examination

Import time varying parameters  Allows you to expltine importance of systematic changes in the
value of a parameter over the course of a breesBagon
Exit Closes the model

Load Species Library: Although MCnest opens ufhodefault species profile library, the
menu option allows you to select other speciesilpriibraries, if they exist. Custom species
libraries may be useful for 1) tailoring speciesfies to a geographic region of interest; 2)
exploring known variation in model parameters asged with different habitat types, climates,
or background stressors; or 3) sensitivity analySisstom species libraries must use the same
structure as the default library provided with M@neFurther details on the species library and
structure can be found in (Bennett & Etterson 2013a

Life History: Choosing this menu option loads thie History window. Controls for the Life
History page are described in Sub-section B (Lifgtdty window), below.

Batch Mode: Choosing this menu option loads thielBenode page. Controls for the Batch
mode page are described in Sub-section D (Batctomiy below.

Random Numbers: Choosing this menu option loagfmdom Numbers window. Controls
for the Random Numbers page are described in Setiesde (Random Numbers window),
below.

Load MChnest file: Choosing this menu option loHusresults of previous simulations into the
output table on the main MCnest window. Previasults will be appended to the end of any
currently displayed results.

Import time-varying parameters: Choosing this aptmads the time-varying parameters page.
NOTE - this feature is still under constructioncutrently has limited features available. See
section E.3. below.

Exit: Choosing this option exits MCnest. MCneah @lso be closed by clicking the upper right
hand corner of the main MCnest window.
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3. THE TOXICOLOGY MENU

The toxicology menu has two choicdgst ResultsandExposure, which in turn has two
choices,TREX andTIM . Choosingrest Resultsbrings up th& est Resultswindow, which is
covered in detail below in section IV.C. Chooskxposure>TREX brings up th&@REX
page, which is covered in detail below in sectidrDl. Finally, choosindg=xposure > TIM
brings up the'IM window, which is covered in detail below in thiv technical
documentation

4. THE CLEAR MENU
The Clear menu is used to remove existing restiitsas only three choices.

Summary Table: Choosing this menu option clearstimmary table from memory and from
display. It cannot be recovered unless the data first saved to a file.

Figures: Choosing this menu option closes all dmres. They can be regenerated by
repeating the appropriate commands.

All: Choosing this menu option clears the summabld and closes all open figures. Neither the
table nor figures can be recovered unless thewdata first saved to file.

B. The Life History window

The life history window is invoked by selecting thiée History option under th&1Cnest
menu.

The Life History window has five control frames amtbutton for returning to the main MCnest
window (Fig. 4.2). The species library containfadé parameters for all of the controls on the
Life History page. Thus, if you are using defagéecies you need not use this window. If you
invoke this window with a default species selectedijll display the default parameters for that
species. This can be useful at runtime to see thioake values are. However, changing any
parameter on this page will automatically changedéfault species to “-new-.“ It will also
make visible a new box on the main MCnest windomnfaming the new species. The default
name for the new species is “Bird.” Mandatory remaqwill be removed in a future version of
the model.

29



User’'s Manual for MCnest v2.0 — September 2017

Figure 4.2. The Life History window with defaulttddor American robin.

Season: This frame allows you to change the leofgthe breeding season, which is defined in
MCnest by two dates: the date of the first egdnenfirst and last nests for the season of each
species. Implicit in this definition is the abjlibf females to complete any nesting attempts
initiated by this later date, assuming the nesbislost due to ecological or pesticide-induced
failure.

The end date (date of first egg in last nest) rbasit least two weeks later than the beginning
date (date of first egg in first nest). If you toyset a breeding season shorter than two weeks,
you will get an error and the end date will be aatically set to two weeks after the beginning
date.

Phase Durations (days): This frame contains eegtitboxes for entering the phase durations.
These durations determine the time required to ¢et@parious processes in the nesting cycle
and are described in greater detail in the MCneshfiical Manual. With the exception of the
rapid follicle growth period and the egg-layingantal, these parameters must be specified as
integers.

Transition Probabilities: This frame contains thtext boxes for model parameters. The fpst,
is the daily probability that a female in the pgaimation stage initiates rapid follicle growth for
her first egg of her first nest of the season.sarameter applies only to a female’s first nest
attempt of the year. The second two parameterthardaily probabilities of background nest
failure in egg-laying and incubation (pre-hatchdl aestling rearing (post-hatch) periods of the
nest cycle. These failure rates should includeallses of failure except for failures arising from
the pesticide algorithms in MCnest. Pesticideufa$ are handled separately, as described below
in Sub-section C and in the MCnest Technical Mafgitkrson & Bennett 2017). The final
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variable in this frame is the daily background maft@dult female survival (again excluding
pesticide mortality). All parameters in this framme restricted to the interval (0,1).

Other Life History: This frame contains two textxdes and two radio buttons. The first text box
is for average clutch size, the average numbeg@$ éaid in a nest. It must be an integer. The
two radio buttons indicate whether the species igdligebegins incubation with the penultimate
versus the final egg. Whichever button is seleca#idemales are assumed to follow the same
pattern. The second text box is for an estimatb@imean number of fledglings per successful
brood. It does not need to be an integer. Clsizé should serve as an upper bound to this
parameter.

Diet & body weight (exposure): You do not needise this frame unless you are simulating
pesticide effects. Dietary information is only d4e estimate dose, based on residue analyses of
different food types. Body weight must be providegrams. Dietary proportions must be
between 0 and 1 for all categories and they musttsul (down columns). Specifying

proportions outside the range (0,1) will generaténamediate warning and that category will be
setto 1/6 0.17. However, specifying sums of dietary categgothat do not sum to 1 will not
generate errors until you attempt to clR&turn to Main Screen

C. The Test Results window

TheTest Resultswindow (Fig. 4.3) is invoked by selecting thest Resultsoption under the
Toxicology menu. Thélest Resultswindow has several large frames pertaining toethre
different toxicity tests, the Acute Oral Toxicityst (USEPA 2012a), the Dietary Toxicity Test
(USEPA 2012b), and the Avian Reproduction Test (BA&R012c) as well as a frame for
surrogate endpoints calculated from these testdtsesThere are also input boxes at the top of
the window for typing the name of the pesticide @adiegradation half-life on dietary items.
The USEPA/OPP default half-life of 35 days will aenatically be displayed when opening the
window, though an empirical value may be substituteknown. Finally, the row of four
buttons at the top of the window provide additiciiactionality. In particular, theoad data
andSave datafunctions allow you to load test result data frarpreviously saved file or to save
the data (once the window is completely filled dot)easy use in the future.
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Figure 4.3. The Test Results window

1. AVIAN REPRODUCTION TEST

The Avian Reproduction Test Frame occupies thedftlhand side of th&est Results
window. Within the frame, there are two smallenies, the first for entering treatment-group
data, and the second for entering the NOAELSs frioenainalyzed test results reported in the
USEPA/OPP Data Evaluation Record (DER). Thereats@ two text boxes at the top of the
frame for entering USEPA/OPP Master Record Iderdifon number (MRID) as well as the
species tested.

In the_treatment-group data panel, there are sexes of input boxes for entering treatment-
level data (except control). They should be sgfilenatory and are typically reported in
USEPA/OPP DERs. The first row is for measured eatrations in the feed. The second row is
for entering average food consumption of testedshipy treatment. The third and fourth rows
are for entering the average initial and weightmafes and females, and the fifth and sixth rows
are for entering the average final weights of males females respectively. The food
consumption and body weight data are used to cotivemeasured concentrations (mg/kg diet,
row 1) to doses (mg Al/kg body weight/day) dispkhye row 7, which cannot be directly edited.
The equation used for calculating daily dose is:
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Daily dose = Dietary concentration (mg Al/kg dirt)food ingestion rate (g food/day)
Body weight (Q).

The conversion of dietary concentrations to dadges is an approximation because body weight
and food ingestion rates are changing during thessoof both the reproduction test and the
LC50 test. Also, studies vary in the degree tocltihey quantify food spillage during the tests.
For converting dietary concentrations to daily do¢lee model user can calculate the average
daily food ingestion rate per bird and the averaggy weight at the beginning and end of the
test period for each bird. The model user shoattsalt the MCnest Technical Manual for more
background information about the selection of tiyithreshold values prior to use.

In the Test NOAELSs panel, there are 12 drop-dowxebdor test endpoints from the Avian
Reproduction Test. However, only eight of thesearrently used by the model and the
remaining four (%hatchlings of eggs set, %14-d khiaf eggs set, hatch wt, and chick wt) can
be ignored. They may be used by a future versidghemodel. Each of the remaining eight
NOAELSs should be set to the highest level (dietamycentration, row 1 in treatment-group
panel) at which that endpoint did not differ fronetcontrol. If no statistical difference from
control was observed in any of the tested dietancentrations, for a given endpoint, the drop-
down box can be set to >’ to indicate that it ssutmbounded NOAEL.

2. AVIAN AcCUTE ORAL ToxICITY TEST

The acute oral toxicity test frame occupies theanpght of theTest Resultswindow. It has six
input boxes, only five of which are editable. Thst two are for the tested species and
referencing the source of the test (MRID). Thetrew boxes are for rescaling the LD50 to
account for differences in body weight betweentdsted species and the simulated species
(Mineau et al. 1996). The default value of 1.19 ailtomatically be displayed when opening the
window. If no scaling is desired, then change Waisie to 1. Finally, the last editable input box
is for entering the estimated LD50 from the tedtjol is then converted internally to the scaled
LD50.

3. AVIAN DIETARY TOXICITY TEST

The dietary toxicity test frame occupies the midiigt of theTest Resultswindow. It has

seven input boxes, only six of which are editabllée first two are for the tested species and
referencing the source of the test (MRID). Thetrmx is for entering the estimated LC50 from
the test, followed by the fraction of the LC50 dedifor use as a toxicity threshold (default is
0.5, Bennett and Etterson 2013b). The last tworegan body weight and food consumption
rates of tested animals for converting from diet@gcentration (mg/kg diet/day) to dose (mg/kg
body weight/day).

4. ToxICITY THRESHOLDS

This control frame contains nine text boxes fortthacity thresholds (values which, if exceeded
by exposure, will trigger nest failure or preverdial from initiating a new nest). These values

are calculated from the data entered in the tlesterésults panes and are expressed as daily dose
(mg Al/kg body wt/day). The calculated surrogate@oints are not directly editable, except for

an auxiliary input box for aalternative behavioral threshold, which can be used if there were
behavioral effects noted at one or more testeddigoncentrations or doses of one of the three
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tests. If used, this alternative threshold appiely to those phases for which the default
surrogate endpoint for behavior (1/10 LD50) is u@@ehnett & Etterson 2006, Bennett &
Etterson 2013b,d). In practice, the model usesather of the two values as the surrogate
endpoint for behavior.

D. The TREX window

Figure 4.4. The default Pesticides window wheed#lg five pesticide applications.

Pesticide applications: This popup menu determtinesiumber of pesticide applications that
will be used. By default, the window opens withgpkcations.

Crop: This input box is for inputting the nametloé modeled crop scenario, for future
reference. It's value is reported in the log file.

Residue calculations: The controls in this fram&ude four radio buttons and a text box. The
first text box is for setting the half-life of pastle residue degradation of food items (expressed
in days). The default is 35 days, but the valuelmaset to any positive value. The radio buttons
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are mutually exclusive (only one can be checked)iadicate how pesticide application rates are
translated into exposure doses. The first choBmt Dose Directly” allows the user to manually
set the adult and juvenile initial dietary doseha pesticide on application day. The final three
choices translate the application rate into estaf adult and juvenile initial dietary doses at
application using the approach in OPP’s TerresRedidue EXposure model or T-REX (USEPA
2012). The T-REX approach is based on the estthmagan or maximum residue concentration
on each of the six food type categories immedidtdlgwing an application of 1 pound active
ingredient (Al) per acre. The user can chddse maximum nomogram valuesUse mean
nomogram values or Draw from the nomogram distribution, using a log-normal distribution
based on the mean and standard deviation. Reswhoentrations on food types are translated
into dose using body weight and dietary informaborthe Life History window. Additional
detail is provided about these calculations inMt@nest Technical Manual. Whichever method
is used to determine the initial dietary dose @ndhy of application, subsequent exposure will
decay according to the specified half-life. Whew br more applications are simulated, it
should be noted that the initial dietary dose presgfor each application represents only the
contribution from that application, and does nal #te contribution from earlier applications.
The additivity of overlapping decay curves from tiplé applications can be observed in the
Seasonal Exposure Profile figure, even thoughishiot reflected in the adult and juvenile initial
doses shown for each application.

Thenomogram valuestable is also editable. This table lists the difaaximum, mean, and
standard deviation nomogram concentrations on efttte six food type categories used in T-
REX Version 1.5. It also includes the default petamoisture value from T-REX and the
juvenile food ingestion rate per body weight (iIR/BW) used in the calculation of juvenile
doses, as described in the MCnest Technical MarAlabf these values are editable by the
user. If changes are made to any values withimdimeogram valuestable, there is a button to
restore all default values.

NOTE. There is a minor bug in the program that pnes the exposure series from being
calculated and displayed when application ratesetr¢éo O and the radio button draw from

the nomogram distribution is chosenThis will be fixed in a future release. Current
workaround is to set desired application ratesoio-rero values before choosing the radio button
for Draw from the nomogram distribution is chosen 28 July 2017.

Seasonal Exposure Profile (graph): As informabarapplication rate, application date, and
residue half-life are modified in the Pesticidesdaw, a Seasonal Exposure Profile will be
generated automatically. The model user can usedlvisualize the exposure profile during the
breeding season of a species and/or to examirgetjree of residue carry-over from one
application into the next. After a simulation, tBeasonal Exposure Profile also is available by
right-clicking on a highlighted simulation in theuut table and under “Row,” click “Exposure
series.”

Application 1: All of the pesticide applicatiorafnes operate identically to Application 1.

These frames each contain three text boxes antddilmxes. The top two text boxes are for the
adult and juvenile initial dose (i.e., the doseapplication day), respectively. These boxes are
not editable when any of the final three radio dmstin the Residue calculations frame are
selected. In this case, initial doses are caledlasing the application rate and the dietary
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information and body weight information for the sjgs selected on the main MCnest page, as
described above and in more detail in the MCneshilieal Manual. The Application rate text
box can be set to any non-negative value. Itmatlbe visible if the “Set Dose Directly” radio
button is selected in the Residue calculations é&aabove. Finally, the two listboxes allow the
user to specify the date on which the pesticidggdied to the environment for each application
(i.e., the day on which the initial doses will bgerienced).

The Application frames operate independently fraoheother, though they all use the same
half-life for defining the decay curve. Applicati® can be specified in any order (e.g.,
Application 2 could be specified as occurring ptmApplication 1), and they need not occur
within the window defined by the Breeding Seasas ,(an application may occur prior to or
after the breeding season of some species). Regaraf how many pesticide applications are
chosen on the Pesticides window, the adult anchjlevenitial doses shown for each application
are calculated based only on information for thgdli@ation. However, when more than one
application is specified, the decay curves for egmplication may overlap. Consequently, the
estimated initial doses at application for birdsha simulation may reflect the combination of
the pesticide residues produced by each applicatimany carry-over residues from previous
applications. The additivity of overlapping de@ayves from multiple applications can be
observed in the Seasonal Exposure Profile figuren ¢hough this is not reflected in the adult
and juvenile initial doses shown for each applaati

Breeding Season: The controls in this frame atandant with the same controls on the Life
History window. They are not operational on thetieedes window, but are provided for
reference when setting the dates of pesticide egijins.

Waiting Periods: This frame lists the three wajtperiods after nest success or failure before
the first egg is laid in a subsequent nest. Thelower periods are redundant with waiting
periods on the Life History profile for each speacidhe top period is the “Waiting period after
pesticide-induced failure.” The default value flois waiting period is set equal to the “Waiting
period after ecological failure” for each specidhe waiting period after pesticide failure must
be an integer and can be set to a longer durdiemmfor ecological failure, but it cannot be
shorter.

E. The TIM windows

TIM includes three windows for model input paramei@igs 4.5-4.7). These are identical to
those presented in the TIM User’'s Guit  SEPA 2015: Appendix fand model guidance is the
same. That document is the definitive technicaudaeent for TIM and can be found at:
https://www.epa.gov/pesticide-science-and-assegssticide-risks/tim-version-30-beta-
technical-description-and-user-The main TIM window (Fig. 4.5) containg-de menu with

five choices (Table 4.3).
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Table 4.3. Choices available on the File menu emtlain TIM window

Menu Choice Function

Pesticide Parameters Loads the TIM Pesticide Paeaswindow (Fig. 4.6)

Species Loads the TIM Species window (Fig. 4.7)

Save TIM Loads a file browser for saving a *.mat file witketcurrently entered
Parameters TIM parameters (parameters for all TIM windows viié saved)
Load TIM Loads a file browser for loading a *.mat file withiM parameters
Parameters (parameters for all TIM windows will be loaded)

About Displays a message with information about HiMi where to find

further resources

Figure 4.5. The Opening TIM window parameterizethwine sample data provided for
cyhalothrin
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Figure 4.6. The TIM Pesticide Parameters window
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Figure 4.7. The TIM Species window

F. The Batch window

The Batch window is invoked by selectiBgtch Mode under the main MCnest menu. This
window offers the ability to set up multiple simtitans in advance according to three different
types of progressions (Fig. 4.8). If thgposure Algorithm drop-down menu is set to
CONTROL, then the batch window will show only tlogp Speciespanel. If the Exposure
Algorithm is set to either TIM or TREX, then thettwm panels foApplication Date and
Application Rate will be visible.
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Figure 4.8. Batch window with starting conditiored 8 the exposure scenario described in
Section I, quick start guide.

Exposure: This display panel notifies you which@syre model is chosen on the main MCnest
window. It cannot be changed here. You must go iatke main MCnest window to change
the exposure algorithm.

Run: This pushbutton starts the simulation throtinghbatches you've set up.

Reset: This pushbutton removes any batches cwr@esigned and returns the window to its
opening state.

Exit: Returns to the main MCnest window withoutming the batches you've designed.

1. SPECIES

The Speciedrame contains two radio buttons, two listboxesy push buttons, and an edit box.
TheAll speciesradio button moves all species from @&ndidate speciedistbox to the
Selected specielsstbox. Deselecting th&ll speciesbutton will restore them to tHeéandidate
speciedistbox. TheAdd andRemovebuttons will move selected individual species bact
forth between listboxes. When batching on spesigsarate simulations will be run on the
species in th&elected speciekstbox and species in tl@andidate speciesistbox will be
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ignored. Selecting the radio butt@verride species default waiting period after pestide

failure (Wp) will allow you to set a unique value for the wagiperiod for pesticide failure in

the associated edit box. This value will then gpplall species in the designed batch, unless the
specified value is shorter than the species’ vafu&/e (the waiting period after ecological

failure), in which case the species-specific vdaraNe will be used for that species.

Note that if the “Override species default” radigtbn has been selected and you wish to return
to using the default values for Wp for each ofdbkected species, tliaverride species
default... radio button needs to be deselected and thdexitit

2. APPLICATION DATE

The Application Date frame contains three text boxes and additiondlldexes arrayed in rows
for up to 5 applications depending on the valuthePesticide Applicationspopup menu. The
input boxes within th®atesframe are parameterized exactly the same wayateepn the
TREX or TIM windows. At the bottom of the window, the two infmoxesRepeat interval and
Repeatsdetermine the number of scenarios that will be tising these two pieces of
information, MCnest simulates the application scendescribed in th®atesframe. It then
repeats the simulation, shifting all applicationegabyRepeatsdays each time until the total
number of desired repeats is reached.

3. APPLICATION RATE

The Application Rate frame contains two radio buttons and two text Isox€he radio buttons
determine what kind of progression will occur iranges in application rate. If arithmetic
progression is chosen, then the application ragesifed in the Dates frame will be changed by
adding a fixed constant to each application rate every iteration. If geometric progression is
chosen, then the application rates specified irDides frame will be changed by multiplying by
a fixed constant with every iteration. The firgburt box (labeled eithencrement or multiplier ,
depending on what kind of progression is chosetirates the fixed constant that will be either
added to or multiplied by the initial applicaticates and all subsequent rates. Riepeats

input box determines the number of iterations madhthmetic or geometric progressions
designed.

Note that the different batch panes are indeperatehfactorial. Every combination of each
iteration will be run. This can add up quicklhybitching over all species in the library.

E. Other MCnest menu options

1. RANDOM NUMBERS

The Random window is invoked by selectRgndom Numbersunder the main MCnest
window. This window offers the ability to choosm@ng different types of random number
generators and to set the seed for random numbera@n in MCnest. This may be useful for
exactly repeating a particular simulation in MCneBhe Random window contains one push
button, a popup menu and an input box (Figure 4.9).

41



User’'s Manual for MCnest v2.0 — September 2017

Figure 4.9. The Random window in MCnest, with red specified.

Return to Main Screen: This pushbutton returnstgaine main MCnest screen

Random Generator: THeandom Generatorpopup allows you to specify which algorithm is
used to generate random numbers in MCnest simaofatidhere are six choices (Table 4.4). We
have no reason to believe that any of the algostbeiow would offer significantly better
performance than any other, and we recommend tiss\§IATLAB and MCnest default option
called the Mersenne twister (listed as “mt19937h&3ed on its computational efficiency
(speed).

Seed: The “Seed” textbox allows you to specify maric seed for the random number
generator. This should be a positive number. Xy duplicate a previous simulation, find

the seed value at the bottom of the Log file artéremere. If no seed is specified, MCnest will
use the computer’s system clock to generate a dedtlis case, the seed is still recorded, so the
simulation may be re-created even when no seedpexsfied.

Table 4.4. Random number generators availableATIMB and MCnest.

Option MATLAB description Referenée
mt19937ar Mersenne twister (default) Matsumoto disthimura 1998
mcgl16807 Multiplicative congruential generator Painkl Miller. 1998
mlfg6331_64 Multiplicative lagged Fibonacci Mascagni and Srinivasan 2004
generator
mrg32k3a Combined multiple recursive generator uifec et al. 2002
shr3cong Shift-register generator summed with Marsaglia 1999
linear congruential generator
swb2712 Modified subtract with borrow generator Béaglia and Zaman 1991

!Adapted from MATLAB online documentation (MathworR@lZ)T

2. LoAaD MCNEST FILE

Choosing this menu option loads a standard Windoe/browser. You can select and load any
previously saved results file for examination udihgnest output functions, or for comparison
among simulations generated in different sessidiss will work with individual simulations
saved using th8ave rowoption and multiple simulation saved using 8seve tableoption in

the Output table context menu. Any results loaded will be appendeahy currently available
results in theéutput table.

42



User’'s Manual for MCnest v2.0 — September 2017

3. IMPORT TIME-VARYING PARAMETERS

This is a very new feature with this version of MShand should be considered a pilot for future
MCnest development. The motivation for this feaisre provide additional resolution and
realism to MCnest simulations when data are avi@laBGurrently, only five parameters can be
specified to vary over time. These are the quitirapabilities ¢ andgs from an absorbing
Markov Chain), the daily nest failure probabiliti@s. = pre-hatch andy= post-hatch) and the
number of fledglings produced from a successfut (f63SN).

To specify time-varying parameters, the desiredotma variation must first be designed in an
Excel file (Fig. 4.10). In Figure 4.10, the filedssplayed with the first column reserved for
entering the date. This is not required, but isvadld for convenience. The next four columns are
for entering date-specific values for the paranset®ote there is only one column for nest
failure probability because in this case the saalaeswill be used for bothm andm for that

day (simply by way of example, not asserting amghabout American Robin nest survival).

Figure 4.10. An Excel ™ worksheet with time-varywvajues of daily mortality ratedisplayed

Figure 4.11. Time-varying parameter window
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